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(57)Abstract: 

PURPOSE: To reduce the dispersion of the 
quality between apparatus, without 
degrading the reproducibility of the plasma 
treatment by insulating grounded electrodes 
from a treating vessel through shield 
i members having a specified value of 



specific dielectric constant or less. 
CONSTITUTION: A treating composed of 11 is defined by Al-made treating walls 
19. Above this chamber, an Al-made upper electrode 12 fixed to an Al-made 
seal plate 13 is supported with alumina-made shield members 17 and 18. In a 
lower part of the chamber 1 1 , -a lower electrode 21 serving as a sample base is 
disposed on a base plate 22 with specified space from the electrode 13. A 
treating vessel 19 is grounded. At a plasma mode, a high frequency power is 
applied to the electrode 12 by switches 34 and 36 and electrode 21 is grounded 



by a switch 35. A shield member 24 insulating the electrode 21 from the walls 19 
has a specific dielectric constant of 4.0 or less. 

CLAIMS 
[Claim(s)] 

[Claim 1] A means to impress a RF between a processing container, an up 
electrode, the lower electrode that served both as the sample base, and said up 
electrode and said lower electrode, In the plasma treatment equipment of a 
configuration of that have a means to take adjustment of a RF, a RF is 
impressed to one electrode of said up electrode or said lower electrode, and the 
electrode and processing container of another side are grounded Plasma 
treatment equipment characterized by insulating the electrode grounded and the 
processing container by the shielding member of with a specific inductive 
capacity of 4.0 or less construction material. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



[Industrial Application] This invention relates to the plasma treatment equipment 
which performs membrane formation or etching in the plasma generated by high 
frequency impression. 
[0002] 

[Description of the Prior Art] Drawing 1 is the typical sectional view showing the 
plasma treatment equipment of the parallel plate mold which has an up electrode 
and a lower electrode. The processing room 1 1 is formed by the processing 
vessel wall 19 made from aluminum. The up electrode 12 made from aluminum 
fixed above the processing room 1 1 by the sealing strip 1 3 made from aluminum 
is supported by the shielding members 17 and 18 made from an alumina. The 
process gas supply way 16 is formed in the sealing strip 13, and the diffusion 
space 14 is formed between a sealing strip 13 and the up electrode 12, and 
much hole 12a is formed in the up electrode 12. Process gas is diffused through 
the process gas supply way 16 in the diffusion space 14 from the source of gas 
supply (not shown), and is supplied to the processing room 1 1 from much hole 
12a. Thus, the supplied process gas is exhausted from the exhaust air way 26 
with an exhaust air pump (not shown). The refrigerant circuit 15 is formed in the 
upper part of the up electrode 12, and an up electrode is cooled. 



[0003] The lower electrode 21 which countered the lower part of the processing 
room 11 at the up electrode 12, maintained a predetermined distance, and 
served as the sample base is arranged on the base plate 22. The lower 
electrode 21 is formed using the metal which has high thermal conductivity, such 
as aluminum. A lower electrode is insulated with the processing room 11 by the 
shielding member 24 made from an alumina while it is covered by the shielding 
member 25 made from an alumina like an up electrode in perimeters other than 
a sample installation side. The refrigerant circuit 23 for making the lower part of 
the lower electrode 21 circulate through a refrigerant is formed, and the lower 
electrode 21 is cooled. 

[0004] RF generator 33 is connected to the up electrode 12 through the RF 
adjustment machine 32 through the sealing strip 13 and the RF adjustment 
machine 31 at the lower electrode 21, and the case (it is called plasma mode) 
that impress high-frequency power to the up electrode 12, and the lower 
electrode 21 is grounded with the switch means 34 and 35 and the switch means 
36, and the case (it is called RIE mode) where ground the up electrode 12 and 
high-frequency power is impressed to the lower electrode 21 constitute possible 
[ a switch ]. The processing vessel wall 19 is grounded. Drawing 1 is the case in 



plasma mode, high-frequency power is impressed to the up electrode 12 by the 
switch means 34 and 36, and the lower electrode 21 is grounded by the switch 
means 35. 

[0005] Moreover, as a frequency of an RF generator, 13.56MHz is mainly used. 
[0006] Thus, when performing plasma treatment to a sample using the 
constituted plasma treatment equipment a sample 1 is first laid on the fower 
electrode 21. Next, the whole up electrode section is dropped and 
inter-electrode distance is set up. Then, process gas is supplied through the 
process gas supply way 16 in the processing room 11 already exhausted to the 
predetermined pressure, and it is set as a predetermined pressure. And if in the 
case of plasma mode the lower electrode 21 is grounded and high-frequency 
power is impressed to the up electrode 12 from RF generator 33, process gas 
will be plasma-ized and plasma treatment will be performed to a sample. In case 
high-frequency power is besides impressed to the section electrode 12, a RF 
can supply between the up electrode 12 and the lower electrode 21 efficiently by 
taking adjustment of a RF with the RF adjustment vessel 31, 
[0007] 

[Prob[em(s) to be Solved by the Invention] However, in the plasma treatment 



equipment using the conventional RF r there was a problem that the repeatability 
of plasma treatment worsened suddenly and dispersion arose for the engine 
performance of the plasma treatment between equipment 
[0008] Dispersion in the engine performance of the plasma treatment between 
equipment aims at offering small plasma treatment equipment, without making 
this invention in view of the starting trouble, and the repeatability of plasma 
treatment getting worse. 
[0009] 

[Means for Solving the Problem] The lower electrode with which the equipment 
of this invention served both as the processing container, the up electrode, and 
the sample base, It has a means to impress a RF between said up electrodes 
and said lower electrodes, and a means to take adjustment of a RF, A RF is 
impressed to one electrode of said up electrode or said lower electrode, and it is 
characterized by insulating the electrode grounded and the processing container 
by the shielding member of with a specific inductive capacity of 4.0 or less 
construction material in the plasma treatment equipment of a configuration of 
that the electrode and processing container of another side are grounded. 
[0010] 



[Function] Drawing 3 is a high-frequency equivalent circuit at the time of plasma 
generating of the plasma treatment equipment shown by drawing 1 . (t is in the 
condition in the case (plasma mode) of grounding the lower electrode 21 and 
impressing high-frequency power to the up electrode 12. 

[0011] 46 and 47 - capacitance Cm in the RF matching circuit 31 by the side of 
an up electrode And variable inductance Lm it is . The impedance Zud between 
the up electrodes 12 and the lower electrodes 21 with which 41 minded the 
plasma, and 45 are the impedances Zuc between the up electrodes 12 and the 
processing vessel walls 19 through a shielding member and the plasma, 42 is 
the impedance Zdc between the lower electrode 21 and the processing vessel 
wail 19, and consists of capacitance Cdc of 43, and an inductance Ldc of 44. 
Zdc is expressed with a formula 1. 
[0012] 

Zdc=2pifLdc/(1-4pi2f2 CdcLdc) (formula 1) 
f is the frequency of high-frequency power. 

[0013] In the plasma treatment equipment shown by drawing 1 The impedance 
Zdc between this lower electrode 21 and the processing vessel wall 19 gets 
down from close to a serial to the plasma impedance Zud. Depending on 



processing conditions Since it is the value which this Zdc cannot disregard to 
Zud, when it is based on aging of this equipment activity or Zdc is changed 
according to the delicate difference in the case of equipment creation, the 
generating condition of the plasma wili be changed sharply. 
[0014] Usually, this fluctuation of Zdc is the variable inductance Lm in the RF 
matching circuit 31 by the side of the up electrode 12. Although adjustment can 
be taken, sufficient adjustment cannot be taken when the impedance Zuc 
between the up electrode 12 and the processing vessel wall 19 cannot be 
disregarded, Therefore, it is necessary to suppress the fluctuation of Zdc itself. 
[0015] the inductance which fulfills this resonance condition in a formula 1 since 
it becomes Zdc=infinity at the time of 4pi2 f2 CdcLdc=1 (resonance conditions) 
resonance inductance Lm ** - if it carries out - Ldc Lm When near, change of 
Zdc to change of Ldc becomes very large. 

[001 6] on the other hand - the time of 4pi2 f2 CdcLdc«1 , i.e., Ldc, < - <Lm a 
case - zdc - 2pifLdc - it is - since - Ldc ™ receiving - Zdc ~ change becomes it 
is small and linear. 

[0017] Therefore, when change of Zdc to change of near Ldc is large to 4pi2 f2 
CdcLdc=1 (resonance conditions), by making Cdc small, it can be referred to as 



4pi2 f2 CdcLdc«1 , and change of Zdc to change of Ldc can be suppressed. 
[0018] Based on a measurement result, it explains concretely below. About 
some plasma treatment equipments, where the lower electrode 21 is grounded, 
the inductance Ldc of the lower electrode 21 in case the frequency of a RF is 
13.56MHz, and the processing vessel wall 19 was measured using the LCR 
meter. Consequently, it turned out that the inductance Ldc of the lower electrode 
21 and the processing vessel wall 19 is sharply changed by 400-1000nH. This is 
based on dispersion of the contact condition of the relay contact section in a RF 
adjustment machine, the contact condition at the time of RF system components 
attachment, etc, 

[0019] On the other hand, about the case where it considers as the shielding 
member of the case where the shielding member 24 which insulates the lower 
electrode 21 and the processing vessel wall 19 is used as the shielding member 
made from an alumina, and the product made from Teflon (trademark), the 
capacitance Cdc of the lower electrode 21 and the processing vessel wall 19 is 
measured, and the result which the frequency of a RF asked for the value of the 
resonance inductance Lm in 13.56MHz is shown in a table 1. 
[0020] 



[A table 1] 

m 1 













9 


15 8- 0 


8 7 2 




2 


115.2 


119 5 



[0021] When specific inductive capacity uses the shielding member made from 
an alumina which is 9, it is the resonance inductance Lm. It is 872nH(s) and is in 
the fluctuation range of the inductance of a lower electrode, On the other hand, 
when specific inductive capacity uses the shielding member made from Teflon 
which is 2, it is the resonance inductance Lm. It is 1 1 95nH(s) and it turns out that 
it is outside the fluctuation range of the inductance of a lower electrode. 
[0022] Moreover, the resonance inductance value at the time of using the 
shielding member of specific inductive capacity 4.0 was calculated from this 
result. That is, the capacitance value was calculated by the formula of the 
following interpolation. 

[0023] From (115x(9-4) +158x(4-2))/(9-2) =127 and this value, the resonance 
inductance value was calculated and 1080nH was obtained. 



[0024] Therefore, by insulating the electrode and processing container which are 
grounded by the shielding member of with a specific inductive capacity of 4.0 or 
less construction material Resonance inductance Lrn between the electrodes 
and processing containers which are grounded it is referred to as 1080 or more 
nHs. Since it can keep away from 400-1 OOOnH which is the fluctuation range of 
the inductance between the electrodes and processing vessel walls which are 
used for these plasma treatment equipments Even if it changes an inductance in 
this fluctuation range and is the case where the impedance between the 
electrodes and processing vessel walls to which fluctuation of an impedance can 
be suppressed and a RF is impressed cannot be disregarded Since sufficient 
adjustment can be taken, it can suppress changing supply of an inter-electrode 
RF sharply, and change of the generating condition of the plasma can be 
suppressed. 

[0025] In addition, Kapton (trade name) of all aromatic polyimide resin, 
BESUPERU (trade name), KEL-F (trade name) of CTFE, etc. are one of with a 
specific inductive capacity of 4.0 or less things in addition to the Teflon of PTFE. 
Kapton and BESUPERU are [ 3.5 and KEL-F of specific inductive capacity ] 2.5. 
[0026] In addition, also when an up electrode is grounded, the same 



effectiveness is acquired by insulating between an up electrode and processing 
vessel walls by the shielding member of a low dielectric constant as mentioned 
above. 

[0027] Moreover, what is necessary is to insulate no parts from which the 
electrode grounded and the processing container are insulated by the shielding 
member of with a specific inductive capacity of 4.0 or less construction material, 
and just to use for the part which affects the impedance between an electrode 
and a processing container most, for example, a most close part. 
[0028] 

[Example] Hereafter, the example of the plasma treatment equipment of this 
invention is explained. 

[0029] The plasma treatment equipment which is the examples of this invention 
is the equipment explained by the term of [Description of the Prior Art], and 
equipment similarly shown in drawing 1 , and is the things in plasma mode, 
high-frequency power is impressed to the up electrode 12 by the switch means 
34 and 36, and the lower electrode 21 is grounded by the switch means 35. It 
differs in that Teflon was used for the shielding member 24. 
[0030] The inductance dependency between the lower electrode of an etching 



property and a processing room was measured for the polish recon film using 
this example equipment In this measurement the inductance was intentionally 
changed by changing the die length of the copper plate which takes the flow 
between a lower electrode and a processing room. As an example of a 
comparison, it measured also about the equipment using the conventional 
alumina to the shielding member 24. 

[0031] A measurement result is shown in drawing 4 . An axis of abscissa is an 
inductance between the lower electrode 21 and the processing vessel wall 19, 
and an axis of ordinate is the etching rate of polish recon. In the equipment of 
this example, the etching rate of polish recon changed a lot to change of an 
inductance in the equipment of the example of a comparison to change of an 
inductance to the etching rate of polish recon having been mostly stable in about 
350nm. 

[0032] Since especially this change was produced near the resonance point 
(L=872nH) at the time of using an alumina for a shielding member, it was 
checked that fluctuation of an impedance has influenced generating of the 
plasma greatly. 

[0033] And although the continuous activity was performed in the equipment of 



this example, the count of generating of the situation that the repeatability of 
plasma treatment which was seen in conventional equipment worsens suddenly 
decreased. Moreover, although some equipments were produced, it turned out 
that dispersion in the engine performance of the plasma treatment between 
equipment is also suppressed compared with conventional equipment, 
[0034] Another example of this invention is explained based on drawing 2 . 
Drawing 2 is the thing in RIE mode, the up electrode 12 is grounded by the 
switch means 34, and high-frequency power is impressed to the lower electrode 
21 by the switch means 35 and 36. In this case, Teflon was used for the 
shielding member 18. Other parts are the same as that of the equipment 
explained by the term of [Description of the Prior Art], Also in the equipment of 
this example, even if it performed the continuous activity, it turned out that the 
count of generating of the situation that the repeatability of plasma treatment 
worsens suddenly decreases, and dispersion in the engine performance of the 
plasma treatment between equipment is also suppressed compared with 
conventional equipment. 
[0035] 

[Effect of the Invention] As explained above, in the plasma treatment equipment 



of this invention, dispersion in the engine performance of the plasma treatment 
between equipment can also be made small, without worsening the repeatability 
of plasma treatment. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the typical sectional view of plasma treatment equipment 
(plasma mode), 

[Drawing 2] It is the typical sectional view of plasma treatment equipment (RIE 
mode), 

[Drawing 3] It is high-frequency-equivalent-circuit drawing of the plasma 
treatment equipment of drawing 1 . 

[Drawing 4] It is as a result of [ of the etching rate of the polish recon of this 
example and the example of a comparison ] measurement. 
[Description of Notations] 

I Sample 

I I Processing Room 



12 Up Electrode 
12a Hole 

13 Sealing Strip 

14 Diffusion Space 

15 Refrigerant Circuit 

16 Process Gas Supply Way 

17 Shielding Member 

18 Shielding Member 

19 Processing Vessel Wall 

21 Lower Electrode 

22 Base Plate 

23 Refrigerant Circuit 

24 Shielding Member 

25 Shielding Member 

26 Exhaust Air Way 

31 RF Adjustment Machine 

32 RF Adjustment Machine 

33 RF Generator 



34 Switch Means 

35 Switch Means 

36 Switch Means 

41 Impedance between Up Electrode and Lower Electrode 

42 impedance between Lower Electrode and Processing Vessel Wail 

43 Capacitance between Lower Electrode and Processing Vessel Wall 

44 Inductance between Lower Electrode and Processing Vessel Wall 

45 Impedance between Up Electrode and Processing Vessel Wall 

46 Capacitance in RF Matching Circuit by the side of Up Electrode 

47 Inductance in RF Matching Circuit by the side of Up Electrode 

48 RF Generator 

DRAWINGS 



[Drawing 1] 




[Drawing 2] 




[Drawing 4] 
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